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Several field wear tests of rippertip excavating rock 
mass mechanically have been executed to investigate the in-
fluence of metal material of tip on the wear properties of 
variation of amount of wear or wear length of pointed end of 
tip under the same test conditions of rock mass properties. 
That is, the wear characteristics of 3 rippertips of different 
metal material which excavate the rock mass simultaneously by 
use of same bulldozer were compared and considered metallurgi-
cally. As the results, it is confirmed that the larger the 
elastic limit of strain or the elastic energy per unit volume, 
the higher the wear resistance becomes, and the wear resistance 
increases with the decrease of ratio of carbon to manganese of 
rippertip. Moreover, in order to evaluate the wear resistance 
of rippertip, it is necessary to build up a new synthetic equa-
tion with several properties of metal, considering not only 
abrasive wear but also impact wear of tip in the fields. 
1. Introduction 
The major advantages of mechanical excavation due to ripping oper-
ation have been the considerable economics in rock mass excavation 
costs compared with drilling and blasting. T.ATKINSON [lJ said 
" The advent of relatively inexpensive explosives have resulted in 
considerable reduction in blasting costs so that some of the tradi-
tional roles of ripping are being challenged. At the same time,more 
powerful and efficient machines are being developed and experience 
gained in ripping techniques so that continuous appraisal of ripping 
is appropriate." He also suggested a method of determination of 
rippability from point load strength index defined as (Applied load) 
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/ (Distance between loaded p Oints) 2 and fracture index defined as the 
average linear size of blocks that constitute the rock mass . 
GUNTHER MALETON [2J defined anew the term "Rippability" with regard 
t o economic aspects , and analysed the main influencing factors of 
equ ipment and ground on which the rippability of rock mass is depend-
ent . And he considered how the rippability should be determined by 
test operations on earthwork sites , for example , the measurements of 
tract i on force , depth of excavation , speed and slip ratio of cater-
pillar etc . . And , JOACHIM HORNUNG [3J[4J also discussed the prob -
lem whether the rippability should be considered from economic or 
technical aspect s , and invest i gated in detail about the dependencies 
o f the ripping rate and the ripping force on the direction of ripping . 
HORACE K. CHURCH [5J[6J suggested several standards for estimating 
ripp ing productions and unit costs for the medium and heavy weight 
rip tractors , and gave a new look at ripping costs for a wide range 
o f elastic wave velocity in the field from soft to hard rock mass . 
And , several method for increasing the rock fracturing capability of 
a ripping tractor have been studied [7J[8J [ 9J . 
Y. ITAMI et al [lOJ have analysed the mutual relat i ons between 
rippab ili ty and several r ock properties i . e. crushing strength , com-
press i ve st rength , Shore hardness , Los Angeles abrasion resistance 
and velocity of seismic wave . S . HATA et al [11J[12J[13J have express -
ed the characterist ics of strength of rock mass for wear of ripper-
tip as an " Index o f Rock Mass Strength for Wear " which is calcu-
lated by uniax i a l compressive strength for non-fissured rock sample, 
coefficient of crack o f r ock mass , content of quartz or hard rock-
formin g mine ral s , apparent specific gravity , amount of Los Angeles 
abrasi on , absorption and Shore hardness . From many field tests, the 
wear life o f rippertip has bee n estimated with regard to the index of 
rock mass st rength for wear . And, the 
relations between charac ter i st ics of 
shape variation of rippertip and index 
of rock mass strength for wear have 
been analysed , a nd it i s cleared that 
impact and abrasive wear rates affect 
the tool shap e . 
In recent years , several s tudies on 
the quality o f metal of rippertip are 
enthus i ast i cally pushed forward , and 
s ome new meta l materials which have 
been inquired closely into the wear 
Photo.l View of construc -
tion f i eld 
resistance at high temperature are developed gradually . Hitherto , 
several problems of abrasive wear resistance of metals and alloys 
have been studied . R. C. D. RICHARDSON [14J[15J reported that the 
maximum hardness of a range of metals and substantially s ing le-phase 
alloys was est i mated by measuring the micro - hardness of surfaces 
strained by shot peening , by wear in stony soil, and by working with 
a blunted "Trepanning " tool , and the highest and most uniform hard -
ness results were obtained by trepanning , and these are taken as the 
maximum hardness . That is , heavily strained surfaces of metals and 
al l oys reach a maximum hardness, which i s signifi cant with regard to 
abrasive wear . He also considered on abras ives of moderate hardness 
such as flint and g lass with the object of explaining their wear 
characteristics under abrasion in soi l. And it is found that the 
relative wear resistance for the moderate abrasive increases, com-
pared with the value applicable to hard abrasive , when the maximum 
hardness of metals exceeds about 0 . 8 times as l arge as the hardness 
of abrasive material . 
2)9 
M. A. MOORE [1 6J [17J[18J[19J studied on the strain hardening and 
fracture of ferritic materials under abrasive wear . After reviewing 
the present states of the art of two body abras ive wear , he suggest -
ed that the material microstructure has a greater influence on wear 
resistance than the bulk hardness . That is, the abrasive wear resist-
ance is dependent on pearlite content for pearlitic materials , and 
on square root of the carbon content for martensitic materials. For 
the abrasive wear by soil , the wear resistance depends in a complex 
way on the stress - strain behav i ors of the material , and the amount of 
plast ic deformation caused by the wear process. Dur ing abras ive 
wear the abrasive deteriorates by the plas tic flow or the fracture , 
and the volume wear increases as the stone content of a soil and its 
resistance to penetration. He also measured the strain and micro-
hardness at points below the worn surface of copper-silver solder 
compos ite specimens . The results of 
their strain-hardening behavior have 
been consistent with a model of the 
abrasion process that suggests the 
strain below the surface should be 
proportional to the abrasive grit 
s ize and to the square root of the 
applied load . 
Here , seve ral field wear tests of 
rippertip excavating rock mass Photo.2 Test site 
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mechanically have been executed. The aims of these tests are mainly 
to investigate the influences of the metal materials of tip on the 
wear properties of variation of amount of wear and wear length and/or 
shape variation of tip. That is, under the same test conditions of 
rock mass properties, the wear characteristics of rippertip of 3 dif-
ferent metal materials which excavates the rock mass simultaneously 
by use of the same bulldozer are compared and considered metallurgi-
cally. 
2. Rock mass properties 
The construction field of building land selected is composed of a 
comparatively uniform rock mass for a wide area. Photo.l shows an 
example of the construction field which is operated by scraper and 
ripper-mounted bulldozer, and Photo.2 shows the field of in-situ 
wear test of rippertip. 
The rock mass is consisted of white alcoholic sand stone, and the 
texture of rock material is composed of feldspar, quartz, detritus 
and matrix. The feldspar is mainly composed of alcoholic feldspar, 
the detritus is composed of chert, hornfels, aplite, pegmatite, etc., 
and the matrix is composed of fine quartz grain, clay mineral and 
detritus. And small amount of white mica and chlorite are sometimes 
found in this texture. The shape of feldspar, quartz and detritus is 
angular or subangular, and the grain-size of them is from 0.2mm to 
1.0 mm, but some detritus reaches to 2.0 mm grain-size. 
Photo.3(a)(b) shows an example of the polarization microphotograph 
of rock specimen. The mineral composition of rock is analysed on 
rock slide by polarizing microscope. On a middle point of rock 
slide, two straight lines are crossed together and are divided equiv-
alently into 75 parts respectively. Each content of rock minerals 
is calculated as a percentage of total points occupied by the mineral 
to 150 points which is the total number of observation points in the 
sight. As shown in Table I, the mineral composition is analysed as 
feldspar 32%, quartz 19%, detritus 29% and matrix 20%. The large 
content of matrix compared with a typical alcoholic sand stone is 
estimated to be reduced to miscounting of a part of decomposed feld-
spar as a matrix. 
As an in-situ test of rock mass, the characteristic of crack of 
rock mass was investigated by measuring its longitudinal elastic wave 
velocity. And as laboratory rock tests, apparent specific graVity, 
specific gravity, absorption, natural water content, uniaxial com-
pressive strength, Shore hardness, porosity, amount of Los Angeles 
Table I Rock and rock mass proper-
ties, and mineral composition 
Name of rock 
Apparent specific 
gravity G (g/ cm 3) 
Specific gravity 
(fresh) 
(weathered) 
G 
s 
Absorption WI (%) 
non-fissured rock 
fissured rock 
Natural water 
content W (%) 
Uniaxial compressive 
strength ~ (kg/cm2 ) 
co 
non-fissured rock 
fissured rock 
Shore hardness H 
Porosity of non-
fissured sample 
n (%) 
Amount of Los-
Angeles abrasion 
U (%) 
s 
Alcoholic 
Sandstone 
2.53 + 0.05 
2.62 ~ 0.04 
2 .55 ± 0.01 
1.71 ~ 0.08 
1.78 ± 0.09 
0.302 
1451.5 
449.5 ± 92.0 
46.9 + 4.0 
3.59 ± 0.02 
non-fi ssured rock 32.7 
fissured rock 75.4 
Elastic wave velocity 
of non-fissured rock 4068 ± 231 
sample VI (m/sec) 
Elastic wave velocity 
o f rock mass 1598 ~ 296 
V 2 (m/sec) 
Coefficient of 
crack 
Minera l composition 
K 
Quart z (%) 
Fe l ds pa r (%) 
Detritus 
Matrix 
1 
4 
( % ) 
( % ) 
0 . 8 46 + 0.040 
19.0 
32.0 
29 .0 
20 . 0 
_1_( 2 . 53 + 30 . 0 + 2 .00 + 46.9) 
4 2 . 60 32 .7 1.71 60 .0 
Photo 3(a) Alcoholic Sand-
stone (Cross Nikol x45) 
Photo 3(b) Alcoholic Sand-
stone (Open Nikol x45) 
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abrasion for fissured or non-
fissured rock sample, and 
elastic wave velocity of non-
fissured rock sample were 
measured respectively. Those 
test results are shown on the 
same Table. 
Now , the average index of 
rock mass strength for wear 
of rippertip and the average 
wear life T [llJ when the 
c 
amount of wear of tip reaches 
to 7000 g are calculated as 
follows: 
(0.19+0.29) + 0.52 x O.5 0.74 
0.961 
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T 
c 
K • K02 cr (1 - C 
co r 
0.962 x 0.74 2 ){ 1451.5 
116.2 2 (kg/cm ) 
2.40 XI0 5 fJ'-~2.03 
15.4 HR 
1 - 0.846 ) 
mm 
That is, this construction field is very 
heavy wear zone for rippertip excavating 
the rock mass mechanically, and the average 
wear life of a standard rippertip is esti-
mated to be 15.4 hr ripping operation time. Fig.l Initial dimen-
sion and shape of 
rippertip 
3. Metal properties of rippertip 
In the wear test of rippertip at the same excavating field, 3 kinds 
of rippertip A,B and C were selected and tested simultaneously. 
Table II Metal properties of tip A,B,C 
Tip A Tip B Tip C 
Vicker's hardness 
H (kg/ 2) 
v mm 
Before test 522.2 + 19.2 444.1 + 12.4 442.5 ± 18.8 
-
After test 501.4 ± 1.4 438.4 ± 2.0 440.6 + 6.7 
Tensile strength 174.9 + 2.0 149.0 + 0.5 147.8 + 0.9 2 (kg/mm ) 
l' + Elongation (% ) 14.9 + 1.6 9.7 + 1.2 10.3 0.3 -
Contraction of area (% ) 46.8 + 1.8 27.8 29.4 
Elastic modulus E 20,904 19,557 20,738 
(kg/mm2 ) 
Charpy impact value 6.30 ± 0.27 2.89 ± 0.06 2.99 ± 0.11 2 (kg·m/cm ) 
Chemical composition 
C C%) 0.32 0.42 0.42 
Si C % ) 0.30 0.30 0.24 
Mn (% ) 0.87 0.72 0.64 
Ni (% ) 0.52 1.79 1.71 
Cr (% ) 0.54 0.78 0.72 
Mo (% ) 0.18 0.19 0.18 
p , S C%) < 0.03 < 0.03 < 0.03 
The size, wei ght and type of each ripper-
tip is almost the same, but the metal prop-
erty i s different with one another . Fig . l 
and Phot o .4 show the initial shape of rip -
pertip as an example . 
To investi gate the metal properties of 
each rippertip , the variation of Vicker's 
hardness on the surface of tip before and 
after the wear test was measured , and the 
tensile strength , the elongation, the con-
traction of area, the Charpy impact value 
and the modulus of elasticity were also 
measured for each test piece which was 
cutted from the worn rippertip . Further-
~ 
> 
i '~ ~~: ,% 7~ 'tif' 
« 5= ~ ~~~ <*P,*ij: ~Atb" i .. 
",.1 h1'J" -,.~flljJf&"< "" 
Photo .4 Initial shape 
of rippertip 
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more , the metallographic and elementary analyses for each tip materi -
a l were executed at the same time . These test results have been sum-
marized in Table II. 
From the metallographic analysis , the metal of tip A has a feather -
ed structure of uniformly distributed fine carbide in a bainite modi -
fication. And from the chemical composition , this metal i s estimated 
to belong to an alloy steel tubes for structure purposes STKS 2 
which i s prescribed in JIS G 3441 (1966) . 
In the metal structure of tip Band C, there appears very fine an-
nealing martensite due to quenching and annealing as shown in Photo . 
5(b)(c) . From the chemical composition , these metals " are estimated 
to belong together to an alloy stee l for structure purpose s SNCM 8 
(Nickel Chromium Molybdenum Stee ls) wh i ch is prescribed in JIS G 4103 
(1965) . 
Moreover , generally speaking , the larger the amount of carbon , the 
harder the metal becomes , and the l arger the amount of Nickel , the 
heat resistance and tenacity of metal is considered to increase con-
siderably . 
4 . In - situ wear test method and test result s 
To investi gate the influence of metal material of rippertip on the 
amount of wear , the wear length of pointed end of tip , the wear life , 
and the shape variation of tip due to wear , the test conditions in 
the field mu s t be constant . 
Here , the in- situ test has been executed by use of 3 tips mounted 
ripping apparatus wh ich is able to excavate s imultaneously the same 
r o ck mass by mean s o f 3 rippertips . The ripping apparatus was mount -
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e d on the bulldozer of 30 t maximum 
traction force , and 3 rippertips A, B , C 
have been set ted on the ripping appara-
tus . The sett ing place of tip A, B , C is 
arranged to be center , left and right 
position respectively to the moving di -
rection of bulldozer . Moreover , the 
shape , size and weight of each tip is 
almost the same . The initial weight 
M 
kg 
5 
0-0 
0--0 
.-.. 
Tip C 
Ti p B 
Tip A 
C 
B 
A 
M=0 . 507T 
M=0 . 562T 
and length is 14 . 160 kg , 32 . 4 cm for 
tip A, 14 . 620 kg , 32 . 5 cm for tip B, 
and 14 . 600 kg , 31 . 9 cm for tip C, re -
spectively . 
O'--'---L---'---'----'----'--'--~.i--L----I---L-
a 5 
For measuring the we i ght loss of tip , L 
a platform scale of max i mum weighing 20 
kg , sensitivi ty 1 g was used . And the 
amount of wear is ca l culated as weight 
loss that is the difference between 
initial weight and the weight of t i p 
which was measured for given operation 
time . The wear length of pointed end 
of tip was measured by use of slide cal -
ipers as the difference between initial 
length and the measured length for each 
time . And the length of tip was measured 
along the central axis , from its f i xed 
point to the end point . And the ripping 
operation time is the time required for 
practically reciprocating motion o f bull -
dozer for ripping operation only . 
Fig . 2 shows the relations between 
amount of wear and ripping ope rati on time 
for each rippertip . As shown in this 
figure , the amount o f wear increases in 
the order of tip A, B , and C. The wear 
life of rippertip i s defined in this 
case to be the time when the amount o f 
wear reache s to 7000 g . Assuming that 
the l inear relationship between amount of 
wear a n d ripping ope rati on time , the wear 
life of tip A, B a nd C is calculated t o be 
em 
10 
5 
lOT hr 
Fig . 2 Relat i ons between 
amount of wear M and 
ripping operation time T 
0--<:> Ti p C 
0--0 Tip A 
---.... Tip B 
5 lOT 
Fi g . 3 Relations between 
wear length of pointed 
end of t i p and r i pping 
operation t i me T 
C 
A 
B 
hr 
Photo . 5(a) Me tallurg ical 
microphotograph of tip 
A ( X320) 
Photo . 5(b) Metallurgical 
microphotograph of tip 
B ( X320) 
Photo . 5(c) Metal l urgical 
microphotograph of tip 
C ( X 320) 
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13 . 81 hr , 12 . 45 hr and lU . 91 hr respec-
tively . 
Fig . 3 shows the relations between 
wear length of pointed end of tip and 
ripping operation time for each ripper-
tip. The difference of the wear length 
of pointed end of tip among 3 kinds of 
rippertip is not clear at the beginning , 
but the wear length tends to become 
finally in the order of tip B,A , and C. 
Next , the shape variations of tips 
due to wear are shown in Fig . 4(a)(b) , 
Fi g . 5(a)(b) and Fig . 6(a)(b) which show 
the plan and elevation at the g iven 
operation time for tip A, B and C re -
spectively . 
While the tip A positioned in center 
is worn axisymmetrically , the t i p B 
positioned in left hand side is worn 
eccentr i cally to the left and the tip 
C in right hand side is worn also ec -
centrica l ly to the right . And , Photo . 
6(a)(b)(c) shows the dipping plane , 
side p l ane and plane of relief of worn 
rippert i p A, B and C when the ripping 
operat i o n time have become 11 . 8 hr . 
5 . Cons i derations 
From the field wear test results of 
3 r i ppertips of different kind of metal 
material under constant rock mass property , it is cleared that the 
wear resistance and the wear l i fe of tip decreases in the order of 
tip A, B and C. Moreover , another field wear test resu l ts of 3 ripper 
tips of the same kind of metal mater i a l under almost t h e same index 
of rock mass properties for wear of t i p , it is already confirmed that 
the amount of wear of tips is not inf l uenced by their setting posi -
tion while the shape of tips setted on both sides eccentrically . And , 
from these test results , it is cleared that the hardness of tip after 
wear test decreases slightly compared with the initial hardness as 
shown in Table 2 . This phenomenon is considered to be caused by the 
so ftening of metal due to annealing when the surface temperature of 
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_____ 0 --~3--=---BJ 
hr 
Fig.4 
~~~ ~11.8 
Shape variation 
of tip A 
tip become higher rather than about 600°C 
under ripping operation. 
Now, to evaluate the wear resistance of 
metal material against soil or rocky mate-
rials, T.L.Oberle[20J, T.Mitsuhashi et al 
[21J, K.Ocho[22J etc. have already publish-
ed their several works and got some valua-
ble results under laboratory stage. T.L. 
Oberle indicated that the larger the elas-
tic limit of strain proportioned with 
ratio of hardness H to elastic modulus E 
v 
of metal or the elastic energy per unit 
volume proportioned with ratio of square 
of hardness to elastic modulus H2/E the 
v ' 
higher the wear resistance becomes. The 
appropriateness of these indices was also 
verified precisely in this field wear 
test as shown in Table 3. And, K.Ocho 
modified these indices under the equiva-
lent carbon CE and the elongation cP of 
--~~ ..... ~-=.:J--7--+ - metal and introduced some new equations 
Fig.5 Shape variatipns 
of tip B 
Fig.6 Shape variations 
of tip C 
evaluating the wear resistance. 
That is, the wear resistance RA for 
wear under high stress level is shown as 
follows ; 
R = K Ho(/E. C is A-,.O .5 
A 3v E't" 
01.. = 1 
0< = 2 
(3= 0.5 + 
when HV < 1000 kg/mm 2 
when H :> 1000 kg/mm 2 
v 
CE C+-5-CSi+-}-Ni+ ~ Mn+-}-cr+ 
110W +110 C') 
here, when C > 1.0 % C=l.O, C'=C-l 
But, the wear resistance RA calculated 
from the above Ocho's equation assuming 
K3=1.0 does not necessarily correspond to 
this field wear test result as shown in this Table 3. It is pointed 
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~able III Relations between wear life and metal properties 
Wear 
Tip Life H 
(HR) 
A 13 . 81 2 . 45 
B 12 . 45 2 . 26 
C 10 . 91 2 . 13 
B A c 
(a) Dipp ing plane 
B A c 
(b) Side plane 
B A c 
(c) Plane of rel ie f 
Photo . 6 Worn ripper 
t i p 
2 Equivalent Wear Ratio of 
HV/E Resist - Carbon to viE Carbon Manganese CE 
a nc e 
RA C/Mn 
10 - 2 1 2 . 53 0 . 471 2 . 48 10- 2 0 . 36 8 
1 0- 2 9 . 96 0 . 659 3 . 61 10- 2 0 . 583 
10- 2 9 . 40 0 . 636 3 . 31 10- 2 0 . 656 
out that Oc ho ' s equation is not only based 
upon several limited lab oratory wear test re -
sults but also too much importance is attach-
ed to the amount of equivalent carbon in this 
equati on . Moreover , generally speaking , the 
ratio of carbon to manganese is nece ssary to 
decrease in order to increase the wear resist -
ance of metal [23J . In these field wear test 
results , it is cleared that the wear resistance 
increases with the decrease of ratio of carbon 
to manganese as shown in this Table . III . 
6 . Conclusions 
Several field wear tests have been executed 
in order to inves t i gate the influence of metal 
propertie s of rippertips on the wear life of 
them . The rock mass excavated is middle - hard 
sand stone , and the inde x of rock mass for wear 
of a standard tip ~ is 116 . 2 kg/cm2 . From the 
c 
f ield test result s , several new informat i ons 
are ga ined as follows ; 
( 1) It i s confirmed that the larger the elastic 
limit of strain or the elastic energy per unit 
vo lume , the higher the wear resistance becomes . 
(2) And , the wear res i s t a nc e increases wi th the 
dec rease of ratio o f car bon to manganese of 
rippertip . 
( 3) The wear re s istance calculated from Ocho ' s equation based on labo-
lat ory wear test re s ult s does not necessarily correspond t o this field 
test result . 
More over , in orde r to evaluate the wear resistance of 
rippertip , it i s necessary to bui l t up a new syntheti c equation with 
additional propert i es of metal, for example , tens i le s trength a nd Charpy 
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's impact value of metal of tip etc., considering not only abrasive 
wear but also impact wear of tip. Many thanks to Mr.Y.Hino and Mr.H. 
Yamazaki who offer pleasantly the field, and Y.Inoue and T.Mori. 
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